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Abstract 
The importance of the littoral zone of lakes to a diversity of fish species has been appreciated 
for many centuries, although the complexity and heterogeneity of this habitat have resulted 
in a poorer understanding of local fish ecology compared with that achieved for typically 
much larger but simpler offshore habitats. Lake fish species may occupy the littoral zone 
permanently or visit it on diel, seasonal or ontogenetic timescales in response to a range of 
intrinsic and extrinsic factors. The purposes of such occupations include feeding, refuge 
from predation and, most importantly for many species, reproduction. The primary environ- 
mental threats to fish in the littoral zone arise from eutrophication, which may directly or in- 
directly alter feeding conditions through the loss of macrophytes, from increases or decreas- 
es in water level variations and from siltation rates, both of which may interfere with spawn- 
ing or egg incubation, and from the introduction of alien species, many of which preferential- 
ly colonise the littoral zone where they may act as predators, competitors or environmental 
degraders. The management of these threats is best accomplished through general lake man- 
agement measures uch as the control of nutrient levels, but some actions specific to the 
littoral zone or its fish populations are also feasible. These include the replacement of lost or 
damaged spawning substrata, the active management of water levels at appropriate times of 
year, and, at least potentially, the deployment of artificial structures to provide appropriate 
physical habitat for adult fish. 
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Introduction 
The importance of the littoral zone of lakes to a diversity 
of fish species has been appreciated for many centuries, 
particularly in temperate Europe where such populations 
have been historically exploited by extensive fisheries. 
Furthermore, it has also long been known that many of 
these fish species exhibit extensive migrations between 
the littoral zone and the offshore areas of lakes, i.e. the 
pelagic zone of the upper water column and the profun- 
dal zone of the lower water column, at various life stages 
and times of the year. Indeed, the locomotory powers of 
all but the smallest and youngest life stages of fish are 
such that they can effectively implement decisions to 
move between or within such habitats irrespective of 
prevailing environmental conditions including water 
currents. This active mobility results in many differ- 
ences between the ecology of lake fish and that of the 
truly planktonic, e.g. microcrustacean zooplankton, or 
sessile, e.g. benthic macroinvertebrates, components of 
lake ecosystems and has important implications for 
habitat coupling including the movement of energy and 
nutrients (e.g. SCHINDLER & SCHEURELL 2002; gANDER 
ZANDEN & VADEBONCOEUR 2002). 
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This review of fish in the littoral zone will begin by 
outlining key aspects of the ecology of fish in this com- 
plex habitat, stressing the mobility features introduced 
above and based largely on the literature for temperate 
European lakes with reference to key full reviews where 
available, before describing examples of the major envi- 
ronmental threats facing such animals. It will then con- 
sider the management of these threats and, finally, draw 
a number of conclusions and offer some closing remarks 
on the present and future understanding and manage- 
ment of fish populations in the littoral zone. Supporting 
reviews of overall lake fish ecology and the manage- 
ment of their spawning and nursery areas, which are 
often in the littoral zone, are given by WINFIELD (2004a, 
b). 
Ecology 
Study and sampling issues 
Although it is acknowledged that the littoral zone is 
much smaller than the offshore zone in the vast majority 
of lakes, it has been subject o disproportionately less 
scientific investigation with respect o its fish popula- 
tions. Partly as a consequence of this disparity of re- 
search effort, the present understanding of fish ecology 
in this lake habitat is much poorer than that achieved for 
the pelagic and profundal zones as illustrated by any re- 
cent limnological text (e.g. Moss 1998). 
Scientific study of fish populations in the littoral zone 
is also hampered by a number of methodological prob- 
lems, most of which arise from the shallowness and 
physical complexity of this habitat. Thus, otherwise rou- 
tinely used fish sampling techniques uch as trawling 
and vertical hydroacoustics are impractical or produce 
data of low or unknown quality, while more appropriate 
techniques including gill netting, seine netting, elec- 
tro fishing and various forms of trapping have inherent 
limitations and must be deployed with care. A useful re- 
view of these and other fish sampling methodologies is 
provided by MURPHY & WILLIS (1996). The new tech- 
nique of horizontal hydroacoustics has great potential 
for applications in shallow areas including the littoral 
zone, as shown by a recent study of the effect of shore- 
line development on the spatial distribution of littoral 
fish in 23 lakes in the U.S.A. Pacific Northwest by 
SCI-IEURELL & SCHINDLER (2004). However, consider- 
ably more development is required before this approach 
can be routinely deployed with confidence. Another de- 
veloping technique which holds great promise for under- 
standing the trophic ecology of lake fishes as they switch 
frequently and rapidly between feeding in the littoral 
and offshore zones is that of stable isotope analysis (for 
a review see HOBSON 1999). 
Spatial heterogeneity 
In addition to sampling problems posed by shallowness 
and physical complexity in the littoral zone, understand- 
ing of the ecology of its fish populations i also compli- 
cated by the strong spatial heterogeneity of this habitat in 
natural lakes. Such heterogeneity n the horizontal distri- 
butions of features including macrophytes and bottom 
sediments often results in patchy distributions of fish 
species, an example of which is given in Fig. 1 for roach 
(Rutilus rutilus) in Windermere, U.K., recorded uring 
an extensive gill-net survey of 15 littoral sites in Septem- 
ber 1995. Furthermore, competitive interactions within 
the littoral fish community may result in changes in spa- 
tial distribution at the microhabitat scale as shown for 
burbot (Lota Iota) and stone loach (Barbatula barbatula) 
by FISCHER (2000). Although conclusions have been 
drawn regarding the abiotic and biotic factors influenc- 
ing fish community compositions on geographical scales 
(e.g. JACKSON et al. 2001), when specific habitat ypes 
are considered within the littoral zone of a single lake the 
situation is much more poorly understood. Progress in 
this small-scale area of littoral fish ecology, which is 
often critical for management decisions and action im- 
plementations, i  undoubtedly hampered by the sampling 
issues described above. Furthermore, several authors 
(e.g. FISCHER & ECKMANN 1997a) have noted that coping 
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Fig. 1. The heterogenous distribu- 
tion of roach in the littoral zone of 
Windermere, U.K., as illustrated by 
its presence (closed circles, 5 sites) 
and absence (open circles, 10 sites) 
among 15 sites of a gill-net survey 
of the lake's north and south basins 
(shown broken)in September 1995. 
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with differences in the scale of what can be sampled and 
what is ecologically meaningful to fish populations is 
critical to the success of such endeavours. 
Timing of use of the littoral 
Heterogeneity exists not only in the spatial dimensions 
of the littoral zone, but also in the temporal and other as- 
pects of its use by fish populations as summarised in 
Table 1 (although it should be noted that the purposes of 
use as classified in this table are presented simply as a 
framework and are not mutually exclusive). Fish indi- 
viduals or populations may either eside permanently in
the littoral zone or enter and leave it on diel, seasonal or 
ontogenetic timescales during visits which may last be- 
tween hours and years. The temporal characteristics of
this use depend greatly on the purpose behind the fish's 
presence in the littoral zone and on the prevailing envi- 
ronmental conditions, which may themselves change 
over variable timescales. Use of the littoral zone by fish 
populations thus varies on a continuum from residency 
to brief, but crucial, visits of just a few hours or less. 
Purpose of use of the littoral 
Diel, or even shorter-term, uses of the littoral zone are 
usually made for the twin purposes of feeding and avoid- 
ing being eaten, the behavioural ecology of which is fun- 
damentally linked in many lake fish species (e.g. 
M~K~EEV et al. 2004). This great mobility is particularly 
strongly shown by young zooplanktivorous individuals 
of species uch as bream (Abramis brama), perch (Perca 
fluviatiIis) and roach which often find more profitable 
feeding areas in the pelagic zone, but which due to their 
small size are themselves highly susceptible topredation 
in the absence of physical refuges (BRABAND • FAAFENG 
1993; HOI,~R et al. 2002; KUBECKA et al. 1998). These 
movements may be extremely rapid and flexible in 
terms of their precise undertakings and durations, with 
understanding of this area of littoral zone fish ecology 
currently being significantly advanced by individual- 
based models which balance the conflicting demands of 
feeding and avoiding predation in the two habitats 
(HOI~I~Ea et al. 2002) and by the application of hydroa- 
coustic techniques (GODLEWSKA 2002). The complex 
area of diel horizontal migrations of zooplankton and 
fish, during which both taxonomic groups may both prey 
and be preyed upon, is reviewed by BtJRKS et al. (2002). 
Finally in the context of feeding, when in relatively sim- 
ple fish communities it has been observed that compo- 
nents of some typically offshore salmonid populations 
such as those of Arctic chart (Salvelinus aIpinus) may 
occupy the littoral zone and develop morphs very differ- 
ent from their conspecifics feeding in offshore habitats 
(for a review see KI~EMEa'SEN et al. 2003). 
Longer-term seasonal movements o or from the lit- 
toral zone are usually in response to deteriorating abiot- 
ic conditions in this habitat during the winter, when 
many species of lake fish including bleak (Alburnus al- 
burnus), bream, chub (Leuciscus cephalus), dace (Leu- 
ciscus leuciscus), eel (Anguilla anguilla) perch, roach, 
ruffe (Gymnocephalus cernuus), tench (Tinca tinca) 
and three-spined stickleback (Gasterosteus aculeatus) 
make autumnal migrations from the littoral to the pro- 
fundal, where they over-winter before returning to shal- 
lower waters during the following spring (e.g. WANG & 
ECKMANN 1994; FISCHBr~ & ECKMAz'~ 1997b). Howev- 
er, in contrast to this general winter departure from the 
Table 1. Summary of the use of the littoral zone by fish populations, with selected specific examples. Note that the purposes of use as classi- 
fied below are not mutually exclusive. Scientific names of fish are given in the text. 
Timing of use Duration of use Purpose of use Example species Example studies 
Diel Hours Feeding Bream; perch; roach H~LKER et al. (2002); 
KURECKA et al. (1998) 
Diel Hours Avoidance of predation Roach BRABRAND & FAAFEN6 (1993); 
H~LKER et al. (2002) 
Seasonal Weeks or months Exploitation of appropriate Bleak; bream; burbot; chub; FISCHER & ECKMANN (1997b); 
abiotic conditions dace; eel; perch; roach; ruffe; WANG & ECKMANN (1994) 
tench; three-spined stickleback 
Seasonal Hours, days or weeks Reproduction Arctic charr; FORTIN et al. (1982); 
European whitefish; FROST (1965); LAH]-I (1992); 
pike; vendace SALOJARVl (1982) 
Ontogenetic Months or years Feeding Bullhead; burbot; perch FISCHER (1999)', 
WANG & ECKMANN (1994); 
WANZENBOCK et al. (2000) 
Limnologica (2004) 34,124-131 
Fish in the littoral zone: ecology, threats and management 127 
littoral zone, FISCHER & ECKMANN (1997b) found that 
adults of the cold stenothermic species burbot emigrat- 
ed to deeper adjacent areas when the water temperature 
of this habitat increased uring the summer. 
Much shorter-term seasonal use of the littoral zone is 
made by a number of fish species for the purposes of 
spawning, during which otherwise offshore populations 
such as those of Arctic chart (F~OsT 1965), European 
whitefish (Coregonus lavaretus) (SALOJ)kRVI 1982) and 
vendace (Coregonus albula) (LAHTI 1992) seek out ap- 
propriate spawning habitat, typically clean gravel areas, 
during visits which may be as short as hours or even per- 
haps minutes for individual fish. For these species, such 
spawning migrations are usually undertaken i the early 
or mid winter, although their eggs subsequently remain 
incubating in the littoral zone through to the following 
spring. A similar kind of spawning migration to shallow- 
er waters is also shown by some populations of pike 
(Esox lucius) during the early spring, although in this lit- 
toral resident these movements ake individuals into the 
eulittoral zone of temporarily flooded terrestrial vegeta- 
tion (FORT~N et al. 1982). 
The final category of movements presented inTable 1 
comprises ontogenetic shifts in which the movement is
based on the life stage of the fish and is typically a unidi- 
rectional migration. The most widespread and best stud- 
ied example of this category in European lakes is that of 
the active migration of underyearling perch from the 
pelagic zone, where their movements are initially con- 
trolled primarily by water movements (for a review see 
URHO 1996), to the littoral zone towards the end of the 
summer, coinciding with a diet change from zooplankton 
to macroinvertebrates ( .g. WANO & ECKMANN 1994). 
The timing of this fundamental change in spatial and 
trophic ecology has been shown to be influenced by com- 
petitive interactions for zooplankton with young roach, 
which are more efficient feeders than young perch in 
open water conditions while the reverse is true in the 
structured littoral zone (for a review see PERSSON 1991). 
Other species which inhabit he littoral zone as adults but 
have such a pelagic dispersal phase during their early on- 
togeny include burbot (FISCHER 1999) and bullhead (Cot- 
tus gobio) (WANZENBOCK et al. 2000). 
Threats 
Introduction 
Largely as a result of the longstanding commercial im- 
portance of lake fisheries in most parts of Europe, threats 
facing lacustrine fish populations have been appreciated 
and studied for many years. Due to the intimate relation- 
ships existing between the fish populations of the littoral 
zone and those of the larger offshore habitats of lakes, 
any threats facing a lake as a whole have the potential to 
impact its littoral fish populations, even if only indirect- 
ly. Consequently, innumerable studies have documented 
the nature and management of such threats including 
acidification, eutrophication a d chemical pollution. Full 
consideration of these issues is beyond the remit of the 
present review and so attention here will be focussed 
specifically on four major threats, or aspects of more 
general major threats, which pose problems unique or 
particularly to fish populations in the littoral zone. 
Eutrophication 
In its most advanced form, eutrophication can result in 
extensive fish kills due to deoxygenation arising from 
the decomposition of dead algae towards the end of the 
summer growing season (e.g. JEPPESEN et al. 1998). Ex- 
tensive increased eposition of algal remains on spawn- 
ing grounds can also threaten littoral fish populations by 
suffocating incubating eggs, resulting in greatly reduced 
or even no recruitment (e.g. WILKONSKA & ZUROMSKA 
1982). Salmonids, including coregonids, are particularly 
susceptible to such threats which are considered further 
below. However, even before such advanced conditions 
are reached, the addition of nutrients to a lake can pro- 
duce more subtle changes in its littoral fish populations 
by altering the balance of condition-specific competi- 
tion. In European lakes, the best documented example of 
such an effect is that involving the displacement ofperch 
by roach in increasingly eutrophic onditions, which has 
its basis in the differing competitive abilities of these 
two species in water conditions of differing physical 
structure and light levels as reviewed by PERSSON 
(1991). OLiN et al. (2002) present detailed observational 
data on this phenomenon. Thus, by a combination of di- 
rect and indirect means, progressive eutrophication can 
result in the shift of a fish community from salmonid, 
through percid, to cyprinid dominance, usually to the 
detriment of local fisheries interests (for a brief review 
see PERSSON 1991). 
Siltation 
In any depositional environment, he relatively high 
oxygen requirements and immobility of fish eggs make 
them inherently threatened by the potentially suffocating 
effects of fine sediments. In the littoral zone, many fish 
species including perch (TREASURER 1981) and bream 
(PoNCIN et al. 1996) reduce the susceptibility of their 
eggs to such suffocation by using macrophytes or other 
forms of elevated structure as a sediment-free spawning 
substrate, while a few such as pikeperch (Sander luciop- 
erca) (LAPPALAINEN et al. 2003) invest parental care to 
ensure that their eggs are kept free of fine sediments and 
thus ensured an adequate supply of oxygen. Neverthe- 
less, mortality at this delicate stage of the life cycle can 
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be extensive and subsequently catastrophic n terms of 
overall population biology, with adverse ffects on pop- 
ulation abundance persisting for years or even leading to 
local extinction (e.g. MARSCHALL & CROWDER 1996; 
ROS~ et al. 1999). 
As noted above, the threat o eggs incubating in the 
littoral zone may be significantly elevated as a result of 
increased sedimentation f autochthonous algal remains 
associated with eutrophic onditions, even when oxygen 
availability just a few centimetres above the spawning 
substratum is high (VENTLING-SCHWANK & LIVINGSTONE 
1994). Such effects have been recorded extensively 
across Europe for a range of fish species, being particu- 
larly marked for broadcast spawners uch as European 
whitefish and vendace (e.g. SALOJARVI 1982; VENTLING- 
SCHWANK ~g; MULLER 1991; WILKONSKA d~; ZUROMSKA 
1982). In addition, elevated risk may also arise from in- 
creased inshore sedimentation f fine allochthonous in- 
organic material resulting from changing land use prac- 
tices, including increased grazing pressures, in the lake's 
catchment (e.g. BENNION et al. 2000). Such materials 
have been found to pose a major threat o the survival of 
inshore-spawning vendace in Bassenthwaite Lake, U.K. 
(WINFIELD et al. 2004). 
Finally, even if eggs have been laid on clean littoral 
spawning rounds, they may be susceptible tosubsequent 
transport by water movements ooffshore depositional en- 
vironments where they are likely to suffer high or total 
mortality due to fine sediments. Such transport of the eggs 
of the European whitefish as been shown to occur during 
winter storm conditions at mean current speeds of only 
0.10 to 0.15 m s -1 at a reference height of 0.5 m above the 
sediment in the eutrophic Lake Sempach, Switzerland 
(VENTLING-SCHWANK ~; LIVINGSTONE 1994). While winter 
storms are a natural phenomenon, increases in their fre- 
quency or severity associated with climate change 
(CHANG & Fu 2002) could have serious implications for 
the future recruitment ofsome lake fish populations. 
Water level variation 
Egg incubation, and even initial deposition i  suitable lit- 
toral habitat during spawning, may also be severely 
threatened by adverse patterns of variation in water level. 
Examples of such impacts documented for temperate 
lakes include insufficient water level variation to enable 
pike to spawn in flooded terrestrial vegetation (e.g. 
FORTIN et al. 1982), and too much variation resulting in 
the exposure of eggs by falling water levels of eggs of 
European whitefish in Haweswater, U.K. (e.g. WINFIELD 
et al. 1998). In both cases, the impacts resulted in reduc- 
tions in recruitment success of sufficient magnitude to 
have significant consequences forthe population dynam- 
ics of the two species. In addition to such impacts on re- 
production, excessive water level variation may also 
threaten lake fish populations such as those of European 
whitefish by impairing feeding conditions through the re- 
duction of littoral prey populations including macroin- 
vertebrates (HEINKINHEIMO-SCHMID 1985), or by remov- 
ing the physical structure offered by macrophytes and 
thus changing competitive balances as discussed above. 
Species introductions 
The intentional or unintentional introduction of new 
species to aquatic systems is considered to be one of the 
greatest environmental threats facing fish populations 
around the world (LOWE-MCCONNELL 1990). Due to 
their physically discrete nature and resulting natural 
characteristic of a highly discontinuous fish zoogeogra- 
phy, lake communities are particularly susceptible to 
disruption by the introduction of new fish species which 
may act as predators, competitors or environmental de- 
graders. In the U.K., species including ruffe, dace and 
roach have recently been recorded for the first time in a 
number of lakes, probably as the result of anglers using 
them as live-bait while fishing for pike, where they have 
given rise to considerable concern over their impact on 
native fish communities (WINFIELD et al. 2004). Al- 
though the within-lake mobility of fish is such that all 
habitats are liable to colonisation once a new species has 
been introduced, in the U.K. it has been the experience 
that the littoral zone is the first habitat o be colonised 
and usually the only habitat o be dominated by intro- 
duced species. 
Management 
General lake management 
As noted above, innumerable studies have described at- 
tempts to manage the wide range of environmental 
threats that face fish populations at the entire lake level. 
Consideration of these wider areas of environmental 
management may be found in limnological texts such as 
Moss (1998) and they will not be considered further 
here. Instead, attention here will be focussed on aspects 
of the four major threats to fish populations in the littoral 
zone described above. 
Managing eutrophication for fish in the littoral zone 
Eutrophication is inherently a lake-wide problem and is 
undoubtedly best managed at the lake or preferably catch- 
ment scale. However, management actions appropriate at
this scale, including nutrient load reduction by stripping 
at point sources, nutrient removal by dredging and the 
control of food web processes through biomanipulation, 
typically take several or many years before improvements 
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in environmental conditions are achieved. In some situa- 
tions, fish populations inor using the littoral zone may re- 
quire shorter-term emergency management if they are to 
survive while the lake management produces the antici- 
pated improved conditions. In such circumstances, atten- 
tion has been given to replacing the physical structure of 
the littoral zone commonly reduced uring eutrophication 
by the loss of macrophytes. Most of this work has fo- 
cussed on the provision of spawning substratum for phy- 
tophilic or phytolithophilic spawners uch as perch and 
roach by introducing structure of terrestrial or man-made 
origin (GILLET 1989; NASH et al. 1999), although com- 
mercial products designed to provide physical structure 
for adult fish are becoming increasingly available (WI~- 
FIELD 2004b). However, for both applications no studies 
have yet robustly addressed the question of how much of 
such artificial structure is required in order to produce 
significant positive ffects at the population level. 
Managing siltation for fish in the littoral zone 
Increased sedimentation rates of allochthonous materi- 
als in lakes have been attributed to increased grazing 
pressures in surrounding farmland (e.g. BENNION et al. 
2000), and so the long-term management of such silta- 
tion in the littoral zone is best achieved through the 
management of catchment land use. However, as for 
eutrophication, there is also a need for short-term emer- 
gency measures in order to ensure the successful re- 
cruitment of fish populations awaiting the improve- 
ment of impacted littoral spawning rounds. Although 
there is a history of successful management of siltation 
in salmonid spawning grounds in small streams by in 
situ cleaning (see review by MIH 1978), the author is 
unaware of equivalent successful applications of such 
approaches to the larger and deeper littoral spawning 
grounds used by lake fish populations. An attempt o 
improve egg incubation success of vendace in Bassen- 
thwaite Lake, U.K., by the introduction of clean artifi- 
cial spawning substratum in the form of a type of plas- 
tic grass was defeated by the resuspension f sediments 
by winter storms which resulted in their siltation after 
only 15 days of exposure (W~NFIELD et al. 2004). The 
management of silted littoral spawning grounds thus 
remains a significant unsolved problem and the only 
potentially effective short-term action available to the 
manager is stocking with hatchery-reared fish, which is 
expensive, has its own environmental problems, and 
does not address the real cause of the initial problem. 
Managing water level variation for fish 
in the littoral zone 
In many instances, the first step to be taken in the man- 
agement of unnatural water level variation to the benefit 
of littoral zone fish populations is to ensure that the 
organisation controlling the water level is aware of the 
requirements of the fish populations. Such knowledge 
transfer rarely occurs passively and so it must be active- 
ly pursued by those concerned with the management of
fish populations (MEFFE 2002). This is an extremely im- 
portant issue which will be returned to below. Once the 
ecological requirements of the fish populations are ap- 
preciated by such water managers, it may then be possi- 
ble to control water levels for the benefit of the fish at 
critical times of the year such as the spawning season. 
Following appropriate information transfer, the problem 
of falling water levels for littoral-spawning European 
whitefish in Haweswater, U.K., described by W~YFIELD 
et al. (1998) has been successfully managed in this way 
by reducing the amount of abstracted water lost through 
leakage in the water distribution system and by develop- 
ing a short-term emergency system comprising amobile 
artificial spawning substratum (WINFIELD et al. 2002). 
Managing species introductions for fish 
in the littoral zone 
Despite the geographical extent, number of scientific 
studies and appreciated significance of fish species in- 
troductions, there are no established means by which 
such populations can be effectively controlled in lakes. 
For example, attempts to find appropriate biological, 
chemical or molecular measures to control introduced 
populations of ruffe in Europe and North America have 
been unsuccessful despite the investment of great re- 
search effort (see review by GUNDEkSON et al. 1998). 
Control of introduced populations i thus currently im- 
practical, but the threat can and should still be addressed 
by preventing the introduction of further potentially 
problematical species. In the case of the English Lake 
District of north-west England, U.K., where a naturally 
depauperate fish fauna of high conservation value has 
already been subject o a number of species introduc- 
tions through live-baiting (WINFIELD et al. 2004), the 
likelihood of future introductions of more species to 
more lakes has been managed by a change to local fish- 
eries byelaws to ban the use or possession with intended 
use as live-bait of any freshwater fish (WI~mLD & 
DUaIE 2004). A key feature of this management action is 
that it was subjected to an extensive public consultation 
phase before its introduction. 
Conclusions and closing remarks 
Our understanding of fish ecology in the littoral zone re- 
mains relatively limited, largely as a result of sampling 
problems and a relative neglect by past research efforts. 
Nevertheless, most lake fish species are known to use the 
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littoral zone during their life cycles, with varying frequen- 
cies and with durations on timescales from minutes to 
years. Such uses include feeding, avoidance of predation 
and, most importantly for many species, reproduction. 
The major threats to these littoral zone fish populations in- 
clude eutrophication, siltation, water level variation and 
species introductions. However, due in large part to our 
current poor understanding of the underlying ecology of 
fish in this habitat, only limited progress has been made in 
the management of these threats and such activities re- 
main generally crude and of unknown efficacy. 
It is clear that little progress will be made in the man- 
agement of fish populations in the littoral zone before 
their scientific understanding is significantly developed, 
which in the first instance is likely to be improved great- 
ly by a combination of improvements in sampling 
methodologies and the deployment of relatively more 
research effort. Equally important, however, is that such 
future increases in understanding must be transferred 
from scientists to environmental managers in a form in 
which the latter can understand and incorporate into 
their activities. As noted earlier, such information trans- 
fer does not occur passively. The educational science of 
outreach is crucial in this context and, despite their his- 
toric association with non-biological aspects of fisheries 
management, fish ecologists still have a great deal to 
learn in this area (MEFFE 2002). It is also essential to en- 
sure that effective feedback measures are put in place so 
that the concerns of lake and other managers can be 
taken into account when scientists plan the future direc- 
tions of their research into the ecology of fish popula- 
tions in this complex and important habitat. 
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